A quantitative evaluation of cross-participant registration techniques for MRI studies of the medial temporal lobe.
Accurate cross-participant alignment within the medial temporal lobe (MTL) region is critical for fMRI studies of memory. However, traditional alignment approaches have been exceptionally poor at registering structures in this area due to significant inter-individual anatomic variability. In this study, we evaluated the performance of twelve registration approaches. Specifically, we extended several traditional approaches such as SPM's normalization and AFNI's 3dWarpDrive to improve the quality of alignment in the MTL region by using weighting masks or applying the transformations directly to ROI segmentations. In addition, we evaluated the performance of three fully deformable methods, DARTEL, Diffeomorphic Demons, and LDDMM that are effectively unconstrained by number of degrees of freedom. For each, we first assessed the method's ability to achieve optimal overlap between segmentations of subregions of the MTL across participants. Then we evaluated the smoothness of group average structural images aligned using each method to assess the blur that results when voxels of different tissue types are averaged together. In general, we found that when anatomical segmentation is possible, substantial improvement in registration accuracy can be gained in the MTL even with a small number of deformations. When segmentation is not possible, the fully deformable models provide some improvement over more traditional approaches and in a few cases even approach the performance of the ROI-based approaches. The best performance is achieved when both methods are combined. We note that these conclusions are not limited to the MTL and are easily extendable to other areas of the brain.